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ABSTRACT

The reflection factor from a nonuniform inhomogenous medium of plane-
stratified natu.e 1s computed for the case when this medium's index of re-
fraction varies from a certain value on the surface to another value in depth
along the exponential curve.

It is shown that the angular dependence of the reflection factor of such
a medium coincides well with that of an homogenous medium for a certain effect-
ive value of the index of refraction, determined from the condition of equality
of these media's reflections factors when the incidence of electromagnetic
waves 1S normal. Inasmuch as the reflection factor of a stratified medium
1s dependent on wavelength, the effective reflection factor is also a function
of .

An approximation is obtained of the frequency dependence of the effective
index of refraction as a function of inhomogeneity depth. The applicability is
concluded of Fresnel formulas for the calculation of integral Moon's radioemis-
sion regardless of the existence of well known inhomogeneity of properties
in depth.

* *

As is well known, the integral radioemission of the Moon is observed
in most of cases. This is why for the interpretation of experimental data
the elaboration of a corresponding theory is required; it has been worked out
in the works under ref. [1 —4]. What must be known in particular is the dis-
tribution law of the reflection factor along the lunar disk, which amounts to
the requirement of knowledge of reflection factor's dependence on the angle of
incidence of the waves.

(*) KOEFFITSIENT OTRAZHENIYA OT POSKOSLOISTOY SREDY LUNITA DLYA RAZLICH-
NYKH UGLOV PADENIYA ELEKTROMAGNITNYKH VOLN.




In connection with the inhomogeneity of propertics in depth revealed at ,>(
the surface of the Moon [5, 0], there arises the question of calculation ot
reflection factor's dependence wupon the wave's incidence angle for an inho-
mogenous plane-stratified medium, and of ascertaining to what extent it may
depart for the earlier utilized dependence for a uniform medium described by
the Fresnel formula. This is precisely the object of the present work.

The case was considered in [6] of normal wave incidence in one-dimensional
inhomogenous nonabsorbing medium. The accounting of absorption for the lunar
surface does not affect the result, for the wave damping in an inhomogenous
medium is found to be negligibly small. The calculation of the reflection
factor from such a medium is performed in the present work as a function of
the angle of incidence applicably to two construction models of Moon's upper
layer considered in ref. [0].

In this calculation we shall utilize the equation for reflection factors
[7], written for its easy solution on a computer in the form

dR N
P I'(z)(1 —R%*cosq,

drp___ _
—y = T 2R(2)

I'(z)
R

where R is the modulus of the reflection factor, ¢ is its phase, g(x) =

= ko}n>(z) —sin®i, T'(z) = ¢'/2q, g=p|m (m —1 for the horizontally polarized
wave, m == n?(x) for a vertically polarized wave) q' = dq/dx, 1 is the inci-
dence angle of the wave, k(0) is the wave number. The index of refraction n(x)
is written in the form [6]

(14 R)sin, )

n(x)=1+n{l —(1—§g)e=/=] (2)

According to the considerations stated in the work [6], the initial con-
dition for the solution of Eqs(1l) is written in the form

Rpay = S F(.’t) dz, (3)
Tuag = JL.
the subscript 'nmaa'standing for "initial"

We compiled in Table 1 the results of calculations of the reflection
factor by the power of R? for various angles of incidence i and wavelengths
equal to 3, 10, 30 and 70 cm (for two models of Moon's upper layer construction
[6]) for x;, = 1.5, and in Table 2 for xq = 3 cm. The families of computed
curves R2(1) for X, = 1.5 cm are plotted in Fig.1.

it is apparently appropriate to introduce an effective index of refraction
that would allow us to determine the dependence R2(i) for various angles rand
Xy computed by the Fresnel formulas

/.




. 2
R — cosi — Vnﬁ,m‘(k. x,) — sin%i
cosi + Vnﬁm,(k, x9) — sin?i '

o [nim(l, ra)cosi — ]/n?..p\p(k. ) —sin®i ]2 (4)

I’y =

without resorting to the solution of the system of differential equations (1).
R/ and Rp? are respectively the reflection factors for the horizontally and
vertically polarized wave.

The effective value of the index of refraction is found from the condition
of equality of the reflection factors computed by (4) and (1) for a normal wave
incidence; then

o= [ (T T,

wvhere R* is the computed value of the reflection factor from (1), which must

be taken from the table compiled in the work [6]. The results of calculations
of n zz%@(l,xﬂ are compiled in Table 3. The re{lection factor in the function
of 1 and n2 (5) for A= 10, 30, 70 cm and x; = 1.5 cm, computed by for-
mulas (4) 1is plotted by dots in Figs.l and 2, where the exact values of R (i)
computed by (1) are also brought out. Comparison of the results of calcula-
tions of the dependence of the reflection factor on the angle of incidence of
the wave shows that for a stratified medium, this dependence is described with
sufficient precision by the Fresnel formulas for the equivalent value of the
index of refraction determined from (5). The greatest discrepancy constitutes
5 to 4 percent. Utilizing the dependence of R? on A, obtained by calculation
from (1), we may write an empirical formula for the cffective value of the index
of refraction in the form

n:.g\.b(h, Zo) = ngt — (ng? — ng?)e Hx, (6)

where n. and n3 are respectively the indices of refraction on the surface and
in depth of the laver, o is a factor found from the condition

e-adgy Xy — 0.5;

‘qyv being equal to 30— 35 cm, is the average wavelength of the transitional
interval in which the reflection factor varies from i1ts minimum value in centi-
meter waves to the maximum value at the borderline oi decimeter waves (see [6]).
Consequently,

—2In05 072 033

}av -\ ( 7)
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The values of Ry (4,Xg) computed by formula (6), agree well with the
values obtained from (5) (see Table 3).

Therefore, expressions (4) and (6) allow us to rompute the icflection
factor R2(i) for various values of A, Xps N,? and n3? of a plane-parallel
nonabsorbing medium at least in the range of investigated values of>q)and n.

In conclusion I wish to express my gratitude to V. S. Troitskiy, R. E. Erm
and I. I. Malova for their help in the work.
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